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ABSTRACT
EROS is the largest database in the world of high resolution art pic-
tures. The TSAR project is designed to open it in a secure, effi-
cient and user-friendly way that involves cryptography and water-
marking as well as compression and region-level representation abil-
ities. This paper more particularly addresses the two last points. The
LAR codec is first presented as a suitable solution for picture encod-
ing with compression ranging from highly lossy to lossless. Then,
we detail the concept of self-extracting region representation, which
consists of performing a segmentation process at both the coder and
decoder from a highly compressed image, and later locally enhanc-
ing the image in a region of interest. The overall scheme provides an
efficient, consistent solution for advanced data browsing.
1. INTRODUCTION
Museums are supposed to undertake at least two essential missions
[1]. Firstly, they have to preserve their huge number of items and
save them from damage. At the same time, museums play an active
role in the spread of cultural knowledge and this educational objec-
tive leads them to widely communicate these materials. However,
these two missions are somewhat contrary in nature because han-
dling art items inevitably causes damage. To solve this major prob-
lem, museum research centers have introduced the “digital museum”
concept [2]: digital versions of the original art items are collected in
a database on a server accessible via the Internet.
For example, the National Gallery in London, the Tokyo Univer-
sity Digital Museum (through the Digital Museum 2000 project [3])
or the Chinese University Museum Grid [1] provide public access to
their databases. However, users can only download low-resolution
images. The application has been actually designed to prevent illegal
copies of digitized data and the best way to achieve this consists ba-
sically of not transmitting high-resolution images. High-resolution
information is therefore stored separately and reserved for a limited
number of people.
In France, the C2RMF laboratory, connected to the Louvre mu-
seum, has digitized more than 300, 000 documents taken from French
museums, in high resolution (up to 20, 000 × 30, 000 pixels). The
resulting EROS database [4] is for the moment only accessible to
researchers whose work is connected with the C2RMF. In order to
widely open the database, two problems have to be resolved. First,
as the amount of data is huge, an efficient compression method has
to be applied. In particular, for research purposes, this compression
scheme has to provide a lossless solution. Secondly, the application
must support interactive actions that can make browsing easier for
users. Then, the coding method has to integrate advanced function-
alities such as full scalability and Region Of Interest (ROI) coding.
As far as the French TSAR project is concerned, the LAR image
coding method has been chosen for this purpose. The objective is to
design an art image database accessible through a client-server pro-
cess that includes and combines a hierarchical description of images
and a hierarchical secured access.
This article is organized as follows. In section 2, the TSAR
project is described as the context of our study. The LAR method
and its scalable lossless extensions are presented in section 3. Sec-
tion 4 is devoted to an efficient ROI encoding solution involving an
original segmentation process. The principles of the corresponding
client-server application are developed in section 5.
2. THE TSAR PROJECT
The TSAR project (Secure Transmission of high-Resolution Art im-
ages) is supported by the French National Research Agency. Five
laboratories are involved, namely the C2RMF (Louvre, Paris), IETR
(Rennes), IRCCyN (Nantes), LIRMM (Montpellier) and LIS (Greno-
ble). The C2RMF has developed the EROS (European Research
Open System) database storing digital art documentation[4]. Till
now, images have been stored in pyramidal TIFF format involving a
bit overhead of 33%. As the amount of data is tremendous, this solu-
tion is no longer acceptable. The idea is to integrate another scalable
coding solution able to achieve a high lossy and lossless compression
ratio. A second area of research concerns the secure access of im-
ages. The objective is to build hierarchical secure protection based
on the rights of various user groups.
3. LAR METHOD FOR IMAGE COMPRESSION
3.1. Basic LAR codec
The LAR method has been initially introduced for lossy image cod-
ing [5]. It is based on the assumption that an image can be repre-
sented as layers of basic information and local texture. Thus, the
overall scheme of this approach consists of two scalable layers (see
Fig. 1): a first one to encode an image at low bit rates, and a second
one for visual quality enhancement at medium/high bit rates.
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Fig. 1. Basic description of the LAR coder: two-layer coding
The method relies first on Quadtree partitioning of the image.
Homogeneity is provided by a local gradient estimation that fixes
small blocks onto contours and large ones onto flat areas. The Quadtree
partition is denoted QP [Nmax...Nmin] with all square blocks hav-
ing a size equal to a power of two, and Nmax and Nmin represent-
ing respectively the maximum and minimum authorized block sizes.
The first layer representation consists of rebuilding each block by its
mean luminance value, encoded using a DPCM approach. The low
bit-rate rebuilt image is visually acceptable thanks to the Quadtree
partition, that accommodates the variable block-size as a function of
the original image context.
To encode texture, the second layer performs a variable block-
size DCT transform to fit the QP [Nmax...Nmin] partition. Scala-
bility can then be content-dependent: the enhancement of contours
presupposes that only the smallest blocks are processed. Subjective
quality tests have been carried out between JPEG, JPEG2000 and
LAR codecs: LAR outperforms other techniques for nearly all the
test sequences [5].
3.2. Multiresolution LAR codec
3.2.1. The overall scheme
To both increase scalability capacity and address lossless compres-
sion, we have proposed multiresolution extensions of the basic LAR
called Interleaved S+P [6] and RWHaT+P [7]. The overall approach
used in these two techniques is identical; the only difference lies
in the decomposition step. To fit the Quadtree partition, diadic de-
composition is carried out. The first and second layers of the basic
LAR are replaced by two successive pyramidal descent processes,
but the image representation content is preserved: the first decom-
position reconstructs the low-resolution image (LAR-image) while
the second one processes the local texture information. Thus, the
first pyramid pass performs a conditional decomposition in accor-
dance with the Quadtree partition. We consider a pyramid between
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Fig. 2. Pyramidal conditional decomposition of the LAR image in
accordance with the Quadtree partition QP [16..2]
levels 0 (full resolution) and Lmax. A pyramid representation in-
volving a diadic decomposition is generally associated with a multi-
level Quadtree partitionQP [2
Lmax ...2l] where level l of the pyramid
also specifies the finest resolution. More generally, we consider that
the Quadtree partitionQP [Nmax...Nmin] defines only allowed block
sizes. An additional parameterNl ∈ [Nmax . . . Nmin] gives the up-
per limit of block sizes to be decomposed at level l of the pyramid.
For instance, a global partition QP [64...2] leads to the encoding of
the representation only from sizes 64 to 2, whileN0 = 4 means that
blocks of sizes 4 and 2 will be decomposed at level 0.
The second pyramid pass processes the local texture informa-
tion. All blocks at the current level which have not been encoded
during the first pass are decomposed by the refinement layer.
Figure 2 gives the global scheme of the multiresolution LAR
coder, for a partition QP [16..2], Nl = 2l for 1 ≤ l ≤ Lmax and
N0 < 2.
The use of Quadtree decomposition has several advantages:
1. it doubles the number of decomposition levels (2 × Lmax),
thereby increasing scalability,
2. good quality images are available at low bit rates,
3. the approach acts as “objective context modeling”, removing
the correlation of error prediction laws between high entropy
features during the first pass, and low entropy features during
the final pass.
3.2.2. The decomposition method
To achieve lossless compression, the decomposition method involved
in the pyramid descent process has to be reversible. In [6] we pro-
posed a modified version of the S+P transform [8] with advanced
prediction. Recently, the RWHaT transform has been introduced [7].
RWHaT means “Reversible Whalsh Hadamard Transform (WHT)”,
and we present a reversible transformation based on the standard
WHT for 2 × 2 blocks, based on original rounding operations. We
also add a prediction step using inter and intra levels in the pyra-
mid, but it can also act as an interpolation stage. A unified solution
for prediction and interpolation can be a worthwhile feature for the
progressive rebuilding of images: an image can first be interpolated
from the previous level, then the pixel values can be used for predic-
tion, without further processing.
The proposed approach is efficient for lossy compression using
the quantization step as well as for lossless coding. In this latter con-
text, we show that it outperforms state-of-the-art methods for natural
images. The same experiments have been carried out on a set of art
pictures. A comparison of results with CALIC [9] (which is not scal-
able) is reported in table 1.
Image Size Raw CALIC RWHaT
Louvre 1 1200× 1840 7.22 4.51 4.24
Louvre 2 2368× 3536 5.81 3.87 3.82
Louvre 3 1392× 1120 7.72 3.29 3.25
Louvre 4 3848× 3382 6.52 3.73 3.57
Table 1. Comparison for lossless coding between the proposed
approach and the state-of-the-art method. First-order entropy
(bit/pixels).
4. IMAGE REPRESENTATIONWITH THE
SELF-EXTRACTING REGION PROCESS
4.1. Principles
The region-based approach provides advanced functionalities such
as interaction between objects and regions, or scene composition.
Another important advantage is the ability to accurately increase im-
age quality only within a region of interest. Nevertheless, region-
based techniques generally present some significant limitations :
1. Shape description produces an information overhead, which
can be fairly significant at low bit rates.
2. Region-based methods mainly preserve the ”shape” compo-
nent and often neglect the ”content” component. Consequently,
for a given representation, an encoded shape becomes inde-
pendent of its content.
3. Common region-based coding schemes merely allow the en-
coder to define region representation; the decoder does not
have any decision-making function. This type of approach
cannot, therefore, be used for image database browsing, where
the operator would define and select his own ROI.
To overcome this problem, we have designed an original region-
based representation technique adapted to the LAR coding method.
A first solution has been proposed in [5]. To avoid the prohibitive
cost of this description, a suitable solution consists of performing
the segmentation directly, in both the coder and decoder, using only
a low bit rate compressed image. Once the region representation is
built, either the coder or decoder can select the ROI for enhancement
to higher quality. This process fits perfectly with a scalable coding
scheme starting with a low-quality image and progressively refining
it through successive compressed bitstreams.
A segmentation can be considered on a compressed image when-
ever distortions introduced by the encoding stage remain limited. At
low bit rates, standard methods generate degradations, in particular
on contours, preventing reliable segmentation results. We suggest
that the segmentation should be performed on a high compressed
image at block level (first layer of LAR codec), using an iterating
merging process. The block-based encoding of LAR, based on a co-
herent representation in terms of contours and uniform areas, avoids
such damaging degradation.
The segmentation algorithm is based on the Region Adjacency
Graph theory. Its leads to an hierarchical region representation. Fig-
ure 3 gives some examples of region representation at different lev-
els: segmentation has been performed here on a low resolution image
(first layer including quantization step).
4.2. ROI coding
One direct application for self-extracting region representation is
found in a coding scheme with local enhancement in regions of in-
terest. From the segmentation map simultaneously available in both
coder and decoder, either device can define its own ROI as a set of
regions. Thus, an ROI will simply be specified by the labels of its
regions. The definition of an ROI is generally performed at the high-
est level of the segmentation hierarchy (limited number of regions).
For an ROI composed of n regions, only n labels are required to
fully describe it: this represents a very small number of bytes. The
method provides both a semi-automatic tool for ROI selection, and
probably the best solution for its concise definition.
Each region, and consequently each ROI, consists of a set of
blocks defined in the initial Quadtree partition. The enhancement
of an ROI is straightforward as it merely requires execution of the
second layer for the validated blocks, i.e. those inside the ROI. This
means that there is immediate, total compatibility between the shape
of the ROI and its coding content. The ROI coding process is il-
lustrated in figure 4. The ROI is initially selected from available
regions. In this example, the ROI consists only of 7 regions, so an
equal number of integer values for region labels is required to create
Region representation
ROI encoded only Low resolution image with enhanced ROI
Low resolution image
ROI binary mask
ROI selection
Fig. 4. ROI coding process
the binary mask of the ROI. The ROI is then used to further process
the picture inside the ROI only. The enhanced ROI can be extracted
alone for scene composition, or be replaced into the low-resolution
image.
5. CLIENT-SERVER APPLICATION
We are currently working on a corresponding client-server applica-
tion. Every client will be authorized to browse the low-resolution
image database and the server application will verify the user access
level for each image and ROI request. If a client application sends
a request that does not match the user access level, the server appli-
cation will reduce the image resolution according to access policy.
The exchange protocol is depicted in figure 5.
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Fig. 5. Exchange protocol for client-server application
6. CONCLUSION
The opening of art picture databases represents a promising method
for the spread of cultural knowledge but it demands a number of re-
quirements in terms of reproduction rights and access control, along
with fast and user-friendly browsing.
This paper has presented our contribution to the TSAR project,
based on an efficient and original solution for the region-based scal-
able transmission of pictures. The LAR codec is a content-based
compression method enabling reliable segmentation at low bit rates.
a) Original image b) Block-level representation with grid c) Highly compressed image (1st layer)
size : 1136 × 1264, 24 bpp 58703 blocks full resolution : 0.16 bpp
d) Region-level representation e) Region-level representation f) Region-level representation
Level 1 : 1812 regions Level 2 : 624 regions Level 3 : 314 regions
Fig. 3. Low resolution LAR image and hierarchical region representation on “CRT” with partition QP [16...2] and N0 < 2
The available region-level image description can then be used to eas-
ily select an ROI and enhance its visual quality. The design of a
client-server application is currently underway.
Parallel works in the TSAR project concern the security aspects
(cryptography and watermarking).
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